WHAT'S KNOWN ON THIS SUBJECT: Emphasis on muscularity has increased in recent decades. Identifying adolescent populations at risk for unhealthy muscle-enhancing behaviors is of considerable importance, yet recent research in the United States is limited in terms of sample diversity and behaviors of interest.
WHAT THIS STUDY ADDS: Muscle-enhancing behaviors were common for both boys and girls, and rates were higher than reported previously. Adolescents in high school, of Asian background, in overweight/obese BMI categories, and involved in sports reported significantly greater use than other youth. abstract OBJECTIVE: Media images of men and women have become increasingly muscular, and muscle-enhancing techniques are available to youth. Identifying populations at risk for unhealthy muscle-enhancingbehaviors is of considerable public health importance. The current study uses a large and diverse population-based sample of adolescents to examine the prevalence of muscle-enhancing behaviors and differences across demographic characteristics, weight status, and sports team involvement.
METHODS:
Survey data from 2793 diverse adolescents (mean age = 14.4) were collected at 20 urban middle and high schools. Use of 5 muscle-enhancing behaviors was assessed (changing eating, exercising, protein powders, steroids and other muscle-enhancing substances), and a summary score reflecting use of 3 or more behaviors was created. Logistic regression was used to test for differences in each behavior across age group, race/ethnicity, socioeconomic status, BMI category, and sports team participation.
RESULTS:
Muscle-enhancing behaviors were common in this sample for both boys and girls. For example, 34.7% used protein powders or shakes and 5.9% reported steroid use. Most behaviors were significantly more common among boys. In models mutually adjusted for all covariates, grade level, Asian race, BMI category, and sports team participation were significantly associated with the use of muscle-enhancing behaviors. For example, overweight (odds ratio = 1.45) and obese (odds ratio = 1.90) girls had significantly greater odds of using protein powders or shakes than girls of average BMI.
CONCLUSIONS:
The use of muscle-enhancing behaviors is substantially higher than has been previously reported and is cause for concern. Pediatricians and other health care providers should ask their adolescent patients about muscle-enhancing behaviors. Pediatrics 2012; 130:1019 -1026 In recent decades, images of men in the popular media of Western culture have grown increasingly large, lean, and muscular. 1, 2 The male body has become more visible in advertising, with a stark increase in the proportion of undressed men beginning in the 1980s, 3 and representations of "ideal" physiques in children' s action figures have evolved to be more muscular than even the largest human bodybuilders. 2 Boys' body dissatisfaction has simultaneously increased, 4 and research has demonstrated that exposure to images of extremely muscular models contributes to body dissatisfaction and muscle dysmorphia in young men. [5] [6] [7] Research regarding media images of women has focused almost exclusively on thinness as the cultural ideal for femininity, 8, 9 but there is some indication that modern media figures combine slenderness with a toned and firm look that was not emphasized in previous generations. [10] [11] [12] Muscle-enhancing behaviors have received considerable attention in the media and popular culture in recent years, as a steady stream of famous male and female athletes have been implicated in legal cases regarding their alleged use of performanceenhancing substances. [13] [14] [15] [16] These cases often play out in the public arena, bringing awareness of muscle-building possibilities to young people around the United States and setting new standards for physical ability and appearance.
Given the emphasis on a muscular body in the media, questions exist about the use of muscle-enhancing behaviors among both athletes and the general population of youth. Existing research has focused largely on male athletes and bodybuilders in whom the prevalence of these behaviors is highest, 17, 18 but recent studies with populationbased samples of US youth indicate that 8.0% of females and 10.2% of males report using protein supplements, 19 1.0% of females and 11.0% of males report using creatine, 20 and 2.2% of females and 4.3% of males report using steroids. 21 In a populationbased study on adolescents, conducted by our research team over a decade ago (1998) (1999) , steroid use differed across racial/ethnic groups, with Asian American youth being more likely than other groups to report this behavior. 22, 23 Adolescents participating in weightrelated sports (defined as a sport in which it is important to stay a certain weight, such as wrestling, gymnastics, or ballet) also had greater odds of steroid use than nonparticipants. 24 Existing research regarding the prevalence of more general muscle-enhancing behaviors such as changing one' s diet or increasing exercise to generate muscle mass has been conducted with non-US samples [25] [26] [27] or boys only, 28, 29 and research into the prevalence of unhealthy muscle-enhancing strategies, including protein powders, steroids, and other substances, requires replication and further exploration. Given the adverse health effects of steroids and other muscle-enhancing substances, 30, 31 identifying populations at particular risk and understanding patterns of use hold considerable public health importance.
The current study therefore uses a recent large and diverse populationbased sample of adolescents to examine the prevalence of 5 muscleenhancing behaviors and differences across demographic characteristics, weight status, and sports team involvement. 
METHODS

Study Design and Population
Survey and Measures
The EAT 2010 survey is a 235-item, selfreport instrument assessing a range of factors of potential relevance to weight status and weight-related behaviors among adolescents. 4 Use of 5 muscleenhancing behaviors was assessed with a question adapted from previous studies 19, 25, 28 : "How often have you done each of the following things in order to increase your muscle size or tone during the past year?" (never, rarely, sometimes, often for each method) and included (a) "Changed my eating," (b) "Exercised more," (c) "Used protein powder or shakes," (d) "used steroids," and (e) "used another musclebuilding substance (such as creatine, amino acids, hydroxyl methylbutyrate [HMB], DHEA, or growth hormone)." For each of the 2 potentially healthy muscle-enhancing behaviors (changing eating and exercise habits), use was dichotomized as those who report the behavior "often" versus all other categories. For each of the 3 unhealthy behaviors (use of protein, steroids, or other substances), use was dichotomized as any use versus "never." A summary score indicating the use of any 3 or more behaviors was created from these items as an indicator of severity. The summary score was dichotomized as use of 3 or more behaviors versus fewer to capture a relatively high level of use.
Several demographic and personal characteristics were used as independent variables. Participants reported their gender and school level (grades 6-8 were grouped as middle school; grades 9-12 were grouped as high school). Race/ethnicity was assessed with 1 survey item "Do you think of yourself as (1) white, (2) black or African American, (3) Hispanic or Latino, (4) Asian American, (5) Hawaiian or Pacific Islander, or (6) American Indian or Native American" and respondents were asked to check all that apply. A "mixed/other" race category was created to include those who marked multiple race groups or indicated they were Hawaiian or Pacific Islander, because these groups were too small to permit meaningful analysis as separate categories. The majority (83%) of Asian participants were Hmong. Socioeconomic status was based primarily on parental education level, defined as the higher level of educational attainment of either parent. An algorithm was developed that also took into account family eligibility for public assistance, eligibility for free or reduced-cost school meals, and employment status of the mother or father. 32, 33 BMI was calculated by using anthropometric data assessed by EAT 2010 staff. Height was measured without shoes (to the nearest 0.1 cm), and weight was measured without heavy outerwear or shoes (to the nearest 0.5 pound). Gender-and age-specific cut points for underweight, normal weight, overweight, and obesity were based on data from the Centers for Disease Control and Prevention. 34 Because muscle-enhancing behaviors are often associated with involvement in athletics, sports team participation was assessed by using the question, "During the past 12 months, on how many sports teams did you play?" Participants indicating they played on 1 or more teams were compared with those reporting no sports team involvement.
Data Analysis
All analyses were stratified by gender a priori because of previously observed differences in the use of each behavior. x 2 tests of association were used to compare the prevalence of each muscle-enhancing behavior (separately) across demographic and personal characteristics.
Logistic regression models in SAS version 9.1 were used to compare the odds of using each muscle-enhancing behavior across demographic characteristics, BMI categories, and sports participation. All covariates were entered simultaneously. To determine if each muscle-enhancing behavior differed by school, we examined for a significant school effect for each outcome and by each gender. These tests were nonsignificant in all but 1 case, protein powder in boys (P , .01); therefore, we did not control for school in the final models in the interest of simplicity.
RESULTS
The mean age of the study population was 14.4 years (SD = 2.0); 46.1% were in middle school (6th to 8th grades) and 53.9% were in high school (9th to 12th grades). Participants were equally divided by gender (46.8% male, 53.2% female). The racial/ethnic backgrounds of the participants were as follows: 18.9% white, 29.0% African American or black, 19.9% Asian American, 16.9% Hispanic, 3.7% Native American, and 11.6% mixed or other. Sixty-two percent were in the lowest 2 categories of economic status, and 57.8% participated on at least 1 sports team.
Muscle-enhancing behaviors were common among both boys and girls (Table 1) . Among boys, more than twothirds reported changing their eating to increase their muscle size or tone, including 11.6% who did this often, and .90% exercised more to increase their muscle mass or tone, including 40.9% who reported doing so often. Unhealthy behaviors were also prevalent: 34.7% used protein powders or shakes, 5.9% reported using steroids, and 10.5% reported using some other muscle-enhancing substance. Girls were similarly involved, with a large majority changing eating and exercise habits, 21.2% reporting using protein powders, 4.6% using steroids, and 5.5% using other muscle-enhancing substances. Almost 12% of boys and 6.2% of girls reported using 3 or more of the behaviors examined here, indicating a relatively high level of use.
Associations Between
Muscle-enhancing and Demographics, BMI, and Sports
Unadjusted Associations x 2 tests indicated that rates of use (often for changing eating and exercise; "any" for protein, steroids, and other substances) were significantly higher for boys in comparison with girls (P , .001) for all behaviors, with the exception of changing eating (x 2 = 0.2, P = .662) and steroid use (x 2 = 3.2, P = .076). Table 2 shows the percentage of respondents reporting each type of muscle-enhancing behavior in each of the demographic and personal categories, and several significant differences are noted. In particular, those participating on sports teams were significantly more likely to report more muscle-enhancing behaviors than those not involved in sports. For example, the use of 3 or more behaviors was more than twice as high among boys who participated in sports versus nonparticipants (14.1 vs 6.7, x 2 = 15.4, P , .001).
Adjusted Associations
In models mutually adjusted for all covariates, several characteristics were significantly associated with the use of muscle-enhancing behaviors. As shown in Table 3 
DISCUSSION
Results from the current study reveal that behaviors aimed at increasing muscle size or tone are extremely common: almost all students report doing at least 1 behavior with this as the goal, and up to one-third reported the use of unhealthy methods, such as taking steroids or other muscle-enhancing substances. Muscle enhancement is common and was particularly high among boys and those involved in sports teams, as seen previously. [19] [20] [21] 23, 24, 29 However, use was not limited to these groups. This finding suggests that, in addition to a "thin ideal" and focus on leanness, 35, 36 muscularity is an important component of body satisfaction for both genders.
The current study found reports of muscle-enhancing behaviors (ie, steroids and other substances) to be higher than other recent research with US youth. 20, 21, 37 These differences could be due to the demographic makeup of the different samples. The current study was almost 20% Asian youth (primarily Hmong), who reported higher rates of use of the muscleenhancing behaviors examined here (compared with other racial groups in this study), but had lower representation in other recent studies. 20, 21, 37 Similarly, our sample was largely of lower economic status, a group that has not been separately reported on in earlier work. Future research including a wider variety of muscleenhancing behaviors and using a more diverse and nationally representative sample of young people is needed to replicate the current study' s findings.
This study' s findings regarding associations between higher BMI and the use of muscle-enhancing behaviors are subject to possible alternate interpretations. Specifically, high BMI may reflect muscle mass rather than adiposity (particularly in males), which may result from use of the behaviors of interest. However, existing research has shown that overweight and obese young people engage in a variety of weight control and body change strategies at greater rates than their average-weight peers, 37-39 which suggests that weight status may indeed contribute to the adoption of the muscle-enhancing behaviors examined here. Further research with more comprehensive measures of body weight and composition is needed to disentangle this association.
Interestingly, this study did not find significant clustering of muscleenhancing behaviors within schools. Rather than being driven by a particular school sports team coach or other features of a school' s social landscape, this diffusion suggests that muscleenhancing behaviors are widespread 
Boys
School level (3) 6.1 (7) 8.7 (10) BMI category and influenced by factors beyond school, likely encompassing social and cultural variables such as media messages and social norms of behavior more broadly. As with the large body of literature investigating an array of influences on body dissatisfaction relating to thinness, continued research into media portrayals of muscularity, [5] [6] [7] as well as interpersonal interactions such as weight-and shape-teasing, or sharing muscle-enhancing substances among peers may be promising avenues for understanding the parallel phenomenon of dissatisfaction with regard to muscularity and unhealthy behaviors aimed at muscle enhancement.
Data for the current study come from a single state and, as such, may not be representative of muscle-enhancing behaviors elsewhere in the United States or in other countries. In addition, all measures were self-reported and included the use of illegal substances, which may have led to underreporting. Finally, more detailed measures of muscle-enhancing behaviors and body weight were not assessed. Specifically, we do not have data regarding whether respondents who changed their eating adopted healthy or unhealthy dietary changes, and use of several other muscle-enhancing substances were assessed in a single item. Similarly, the measure of BMI does not distinguish adiposityfrom weight because of muscle mass; it is therefore possible that associations seen here were due to increased muscle resulting from the behaviors under study. Future research should include other assessments of body weight and composition to further address this question.
However, the large and diverse sample from multiple schools permitted statistically valid analyses of relatively uncommon behaviors and smaller groups not typically considered in epidemiological research (eg, certain racial groups) and allowed for an examination of clustering by school. Finally, this study used 5 measures of muscle-enhancing behavior spanning the range from general health behaviors (eg, exercising) to extremely unhealthy behaviors (eg, steroid use), which provides a more comprehensive picture of muscle-enhancing efforts among a US sample of male and female youth than has been available previously.
CONCLUSIONS
Pediatricians and other health care providers should ask their adolescent patients about muscle-enhancing behaviors. Conceptualization of these behaviors should include frequent use of seemingly healthy behaviors (eg, changing eating and exercising) done with the goal of increasing muscle mass or tone. Although these may be beneficial, compulsive or excessive use is cause for concern, 37 because they may be a precursor to the development of more severe and unhealthy behaviors over time. Health care providers should counsel adolescent patients about appropriate exercise, general nutrition, and the lack of efficacy and potential dangers of muscle-enhancement products. Given the observed associations with sports participation, sports physicals may present a particularly salient opportunity to initiate these conversations.
Prevention and intervention programs targeting muscle-enhancing behaviors among youth are needed for both boys and girls and should include parents, teachers, and coaches as well as youth themselves. Broadening existing body image programs to address muscularity as well as thinness would be an appropriate and cost-effective approach. Although it is appropriate to promote physical activity in youth, which may have desirable benefits in terms of health and body composition, care should be taken to emphasize moderation in behaviors and to focus on skill development, fitness, and general health rather than development of a muscular appearance. Significant differences found in select race categories suggest that prevention programs might be strengthened by incorporating culturally relevant messages and targeting communities where rates are highest. Similarly, although muscle enhancing behaviors were reported by young people in organized sports as well as those not on teams, prevention activities targeting coaches, sports teams, and their parents are likely to be beneficial, given the significantly higher prevalence of these behaviors among sports participants. 
